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Introduction 
In field biology, cost efficiency is an essential element of experimental 
design, with ramifications extending well beyond the basic monetary 
considerations associated with labour and equipment acquisition. Cur-
rent economic constraints often require scientists to undertake many 
technical, secretarial and managerial tasks in addition to those associ-
ated with data collection, analysis, interpretation and publication. Thus, 
less time is available to amass and process a sufficient volume of field 
data. Because the time spent to process material in the laboratory can 
rarely be shortened without comprising the integrity of the results, it is 
imperative that field experiments be well-organised, addressing as many 
aspects of the problem as possible during the same sampling excursion. 
Also, the sampling strategy employed should provide a maximum of 
good field data with a minimum cost of time and effort (i.e. manpower). 
The problems of estimation in field conditions are relatively difficult 
for a number of reasons. "Firstly, the sample area is often poorly 
defined, and it is not uncommon that field evaluation aims at two 
questions: (1) what is the area in which one can speak of population 
density? and thus (2) what is the estimation of that density? Secondly, 
the variability of evaluation is enormous and compound. In this way, at 
a given site at a given instant, an animal species can be present or not 
(variability absolute or zero); in the case of presence, the extent of that 
species' establishment can vary according to the environment (continu-
ous or threshold variations); for a level of establishment, the aggregativ-
ity of individuals creates a large variability between the elementary 
samples. Finally, the numerous technical problems associated with data 
acquisition (cost, effort, transportation, perturbation of the study area) 
often limit the amount of data obtained below the thresholds defined 
by statistical theory" (my translation of Chessel 1978). 
The importance of a cost-effective experimental design is especially 
acute in studies of relatively short duration (fellowships, contracts, 
studentships). A current example is the Fishmongers' Company Fellow-
ship, a three-year research programme administered by the FBA to 
investigate fish recruitment in the River Great Ouse (Eastern England), 
a highly-regulated lowland river reported to suffer from fish recruitment 
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bottlenecks. Cost efficiency is essential to this study for a number of 
reasons, both economic and practical: (1) technical support is limited 
(though enthusiastic); (2) many field data over a large area are required 
because scientific background on the river system is l imited; (3) the 
study period is restricted to three years; and, (4) concerned parties (i.e. 
anglers, resource managers and agencies, etc.) are anxious to see the 
evaluation and resolution of fish recruitment problems. 
Sampling considerations and rationale 
The validity of field data depends on the strategy of sampling, the 
method of collection, and the technique by which the method is ef-
fected. In freshwater ichthyology, electrofishing is probably the least 
biased and most common method (Persat & Copp 1989), its effectiveness 
and biases for various species and applications having been intensively 
investigated over the last forty years (see Halsband 1967 and Cowx 1989), 
especially as applied to the "successive removal", "mark-recapture" and 
"catch-per-unit-effort" sampling strategies. Sampling by the successive 
removal strategy, which provides biomass and density estimates via a 
number of successive fishings in an area confined between two "stop 
nets", corresponded well to the "yearly production" oriented research 
of the 1950s to 1980s, as did the mark-recapture strategy, which provides 
estimates as well as information on local displacements via the recapture 
of previously-marked specimens. A derivation of the successive removal 
approach, fishing between two stop nets with piscicides such as ro-
tenone, is less common for obvious reasons but is occasionally used, 
where permitted, alone or as a control of other methods (e.g. Mahon 
1980). 
These conventional sampling strategies have one common and very 
important disadvantage, they are very labour and time intensive. With 
the successive removal approach, sampling one site requires at least 
one entire day and much technical support, the amount of material 
collected is enormous (particularly in terms of 0+fishes) and requires 
much processing in the laboratory. As well , the natural seasonal suc-
cession of the fish assemblage at the study site may be irrevocably 
altered by the sampling event, possibly rendering it useless for further 
study in that reproductive year. And because the entire site constitutes 
one sample in time and space, no information on microhabitat or 
inner-biotope distribution is obtained. Finally, the successive removal 
approach is difficult if not impossible to apply in large rivers. When 
applied, the operator usually selects a "representative" portion or 
stretch of the river to be studied. Considering the temporal variability 
of fluvial fish assemblages, the notion of "representative" may be very 
difficult to define. All of these disadvantages apply to the use of piscicide 
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fishing, not to speak of the ethical aspects and the difficulty in neutralis-
ing the poison before it escapes from the study area. 
The mark-recapture strategy is impractical in most studies of larval 
and juvenile fishes, principally because most if not all specimens would 
not survive the marking and handling procedures. As well , even with 
larger fishes the recapture rates are extremely low, except in smaller 
streams with extremely territorial species (e.g. Downhower et al. 1990). 
The catch-per-unit-effort strategy, using methods such as dip nets, hand 
seines or traps, is most often used to study larval and juvenile fishes. 
Unfortunately, these methods are biased for the less motile larvae and 
younger juveniles, becoming progressively less effective with older 0+ 
juveniles. Nonetheless, most of these conventional approaches have 
become so commonplace in ichthyology that the inertia of familiarity 
affords their use ready acceptance from icthyologists despite any in-
herent statistical, scientific or practical disadvantages. Indeed, this iner-
tia of familiarity is so strong that "resistance to change" risks to impede 
the consideration and/or acceptance of innovations in experimental 
design, a notion contrary to scientific principle. 
A recent example of such innovation is "Point Abundance Sampling", 
which has been received with much reservation despite its strong statisti-
cal foundation and its similarity to some accepted forms of "catch-per-
unit-effort" sampling and "roving creel census" sampling (von Gel-
dern & Tomlinson 1973). Point Abundance Sampling was originally 
developed to address the patch distribution of nesting birds (Blondel 
et al. 1970; Blondel 1975). Dr Henri Persat recognised the relevance of 
this punctual (or fractional) approach to ecology and adapted it to 
fluvial ichythyology as a form of random-stratified sampling, using 
electrofishing as the method of capture (Nelva et al. 1979; Persat et al. 
1981, 1985; Rousseau et al. 1985). Soon thereafter, I adapted this ap-
proach to the study of larval and juvenile fishes (Copp & Penaz 1988; 
Copp 1989a, 1990a, b, c), but using electrofishing modified for greater 
efficiency with small fishes (Copp 1989b). In fluvial ichthyology, Point 
Abundance Sampling is of particular interest for the study of structures 
at integration levels superior to that of the individual (i.e. populations, 
communities, ecosystems). "One of the basic experiment tools therein 
is the sample, elementary unit of time, space and matter that permits a 
description of the presence of individuals, the abundance of species, 
and the abiotic and biotic character of the environment" (my translation 
of Chessel & Debouzie 1983). 
The collection of numerous small random samples, rather than one 
or a few large samples, is warranted in light of three main arguments 
(Nelva et al. 1979). Firstly, effective sampling of an aggregate population, 
statistically speaking, is facilitated by the use of the smallest sample 
size possible (Gerard & Berthet 1971). Secondly, appreciation of the 
spatial structures in a population or species assemblage requires a 
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fractional and systematic sampling of the field area understudy (Chessel 
1978). Finally, current statistical techniques of data analysis (i.e. multiva-
riate analyses) permit the synthesis of large data sets, which may contain 
an enormous number of measurements (Esteve 1978). Large data sets 
composed of many small randomly-chosen samples are also statistically 
more robust than data sets composed of a few large samples (Esteve 
1978), which are more sensitive to chance events such as the temporary 
absence or the mass abundance of a given species. An additional advan-
tage of fractional sampling is that fewer specimens are taken in each of 
the punctual samples, and thus the level of perturbation and destruction 
to fish populations is much less than occurs with most other sampling 
approaches. Also, " the appreciation of population and/or [assemblage] 
dynamics with respect to the many dimensions of an entire catchment 
or subsystem thereof requires a sampling approach that estimates fish 
abundance and biomass with a sample unit comparable at all levels 
of ecological perception: catchment, hydrosystem (e.g. rhithron or 
potamon), biotope and microhabitat" (Persat & Copp 1989). 
In the same vein, the collection of many small samples also permits 
the fractional measurement of numerous qualitative environmental vari-
ables from which an appreciation of both macro- and microhabitat can 
be formulated (Shirvell & Dungey 1983; Persat et al. 1985), depending 
upon the emphasis required (Copp 1989a). In terms of cost efficiency, 
point samples are fast and easy to amass; the fishes may be collected 
by a number of methods suitable or adapted to the small point strategy 
(small nets or dredges, traps), though electrofishing is the most efficient 
and least biased (Persat & Copp 1989). With electrofishing, the number 
of sampling points taken in various biotopes should be relative to their 
surface areas (i.e. an equal density of points per site), and the points 
are chosen by a random point of the finger (eyes closed). Upon ap-
proaching the chosen point (usually by rubber boat in a discreet crou-
ched position), the fishes are captured via a swift immersion of the 
electrode about 0.5m in the water at the chosen point, with the electrical 
current activated just prior to immersion. The anode is maintained at 
the chosen point (not sweep about) whilst a dip net of size superior to 
the area of attraction is immediately submerged well below the anode 
and lifted to collect the fishes (also vegetation, light branches, etc.) 
encountered at the sampling point (see Copp & Penaz 1988; Copp 
1990a). Whether or not fishes are found at a given sampling point, the 
environmental variables are measured either quantitatively or qualitat-
ively at each sampling point. However, qualitative measurements are 
faster to amass and their lower accuracy is compensated by a large 
quantity of rapidly collected data (Copp 1989a). 
Although Point Abundance Sampling has undergone some compari-
son with other methods of estimating the relative abundance of fishes 
(Nelva et al. 1979), controlled testing of this sampling approach has 
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been restricted to the quantification of the electrical field of attraction 
(Copp 1989b). As a result, the advantages of Point Abundance Sampling 
(statistical foundation and ecological pertinence of the data, cost ef-
ficiency of data acquisition) have been overlooked or ignored, as critical 
evaluation has concentrated on the paucity of controlled tests such 
as those applied to conventional sampling strategies (e.g. piscicides, 
Mahon 1980), which attempt to provide true or "absolute" values of 
density or biomass. Absolute values have already proved to be imposs-
ible to obtain in nature, even under controlled field conditions (e.g. 
Pot et al. 1984). Thus, rather than "maintain the delusion that estimates 
of absolute fish density or biomass may be obtained in a larger river, it 
is better to admit that such an estimate is impossible and consequently 
to account for the aleatory character of the samples by choosing an 
appropriate sampling strategy and method" (Persat & Copp 1989). 
The River Great Ouse 
The River Great Ouse meanders through oolitic limestone and inter-
mittent terraces of gravel/alluvia in one of the largest catchment basins 
in England (8585 km2), which is of entirely Jurassic geology. The Great 
Ouse receives amongst the lowest annual rainfall in Great Britain, 
currently possesses a weak water-level gradient, and thus is described as 
a generally sluggish river (Whitehead et al., 1984). The river is commonly 
divided into four sections, the Bedford Ouse (Fig. 1), The Ely Ouse, the 
Middle Level and the Tidal River. In the Bedford Ouse section, two sub-
sections may be distinguished: upstream of Bedford (river km 66-160), 
where regulation for flood control and resource management has been 
limited mainly to weir construction, dredging and reclamation of aban-
doned meanders; and downstream of Bedford to Earith (river km 0-
66), where such regulatory modifications have been accompanied by 
channelisation for pleasure boat navigation, resulting in a dredged, 
embanked main channel with corresponding reclamation of flood me-
adows, oxbrows etc. for agriculture or gravel quarry (Ward et al., 1983). 
At Bedford (river km 66), the mean discharges are 14.7 m3s - 1 in winter 
and 5.2 m3 s-1 in summer. 
Little scientific work has been published on the ichthyology of the 
River Great Ouse. Prior to the establishment of the Eastern Rivers 
Laboratory, published articles of fisheries-related investigations have 
been limited to Hartley's (1947) classic study, fisheries management 
(Linfield 1980,1985), and the distribution and growth of 0+ fish adjacent 
to thermal effluent discharges near Little Barford (river km 46) (Brown 
1973, 1979; Moore & Brown 1975). Initial investigations of 0+ recruit-
ment, growth and distribution implemented by the Eastern Rivers Lab-
oratory at sites between Offord and Needingworth (river kms 5-30) 
demonstrated that during 1987 and 1988 reproduction of coarse fishes, 
principally roach Rutilus rutilus (L.), chub Leuciscus cephalus (L.), dace 
Leuciscus leuciscus (L.), common bream Abramis brama (L.), silver 
bream Blicca bjoerkna (L.), pike Esox lucius L., perch Perca fluviatilis L., 
gudgeon Gobio gobio (L.) and bleak Alburnus alburnus (L.), was rela-
tively profuse but that numbers of 0+ juvenile fishes appear to decrease 
sharply over the first winter of life (R. H. K. Mann, pers. comm.). 
Research objectives 
In view of the paucity of scientific and historical background on the 
River Great Ouse, as well as the underlying urgency to address fish 
recruitment problems, Point Abundance Sampling was judged most 
feasible for attaining the research objectives within the constraints of 
the present research programme. Although estimates of the real density 
or biomass of 0+ fishes may not be crucial to investigations of population 
dynamics or fish reproductive potential (e.g. Copp 1989a, 1990a, b, c; 
Fig. 1. Map of the Bedford Ouse section of the River Great Ouse (Eastern England) The 
44 study sites of the 0+ fish recruitment survey (August 1989) are numbered 
consecutively from upstream to downstream (from Copp 1990c). 
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Data collection and interpretation 
Controlled testing of Point Abundance Sampling 
Quantification of the effective electrical field of attraction in the highly 
conductive waters of the Great Ouse (>800 uS) gave less uniform (but 
comparable) results than those obtained in less conductive waters 
( < 5 0 0 US) of the UK and the Upper Rhone (Copp 1989b), but field 
experience on the Great Ouse demonstrated that the Deka 3000 electro-
shocker provides a visually uniform sample area and was efficient not 
only with larvae and 0+ juveniles (Copp 1989b) but also captured 
older, larger specimens (Fig. 2). Small-scaled controlled tests of Point 
Abundance Sampling by electrofishing for fish larvae and 0+ juveniles, 
as well as three field comparisons with the successive removal approach 
(i.e. Zippin), gave estimates statistically comparable with absolute values 
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Persat & Copp 1989), a number of controlled tests of this relatively 
untested sampling strategy were undertaken for reasons of scientific 
validation and future potential applications. By virtue of the cost ef-
ficiency of data acquisition using electrofishing by Point Abundance 
Sampling, as well as the analytical flexibility and comparability of the 
resulting data set, five objectives were formulated for this three-year 
research programme: 
(1) The controlled test of the sampling approach, Point Abundance 
Sampling by electrofishing, to evaluate sampling efficiency. 
(2) The study over one spawning season of fish population dynamics 
during larval and juvenile development in a restricted stretch of 
the Bedford Ouse - in this case near Needingworth, where four 
characteristic types of aquatic biotope (main channel, marina, small 
backwater, drainage canal) occur in relatively close proximity. 
(3) The evaluation each year of fish reproductive potential within the 
Bedford Ouse hydrosystems (upstream of Bedford, downstream of 
Bedford to Earith). 
(4) The initiation of a basin-wide juvenile recruitment survey within the 
Great Ouse Basin, including all major tributaries of the Great Ouse 
upstream of the Denver Sluice (just upstream of the confluence with 
the River Nene). 
(5) The study of drift dynamics of fishes (principally larval and juvenile) 
over a two- or three-year period to establish if floods and spates in 
this channelised system contribute to the recruitment bottlenecks. 
This fifth objective inherently requires a different sampling strategy 
and method from the previous objectives, but is considered a crucial 
aspect of fish recruitment dynamics. 
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and Zippin estimates (Copp, unpublished); however, general con-
clusions concerning the efficiency of Point Sampling are withheld pend-
ing a large-scale controlled test scheduled for autumn 1990. 
Population dynamics 
Field studies of early development in fishes require a relatively high 
frequency of sampling, at least two sampling campaigns per week 
(Carrel 1986), in order to follow sufficiently the dynamics of early life 
history (Copp 1990a, b). The practical application of Point Abundance 
Sampling facilitates this requirement, in that the many small samples 
are easier to undertake and process because fewer specimens are cap-
tured. The small point samples are essentially sub-samples of, or partial 
histograms from (Persat & Chessel 1989), the population of cohorts 
under study; this is most evident when the point sample occurs within 
a shoal of fish (Copp 1990b). Point Abundance Sampling at a frequency 
of at least twice per week should permit spatial and temporal surveil-
lance of growth, microhabitat exploitation and relative abundances in 
the population without eradication of any particular cohort through 
over-sampling, such as that reported by Carrel (1986) whose twice-
weekly samples each represented five successive attempts with a dip 
net or hand seine from each shoal of 0+ fish encountered. 
Studies during 1989 of fish population dynamics at four sites near 
Needingworth (main channel, Pike & Eel marina, mini-marina backwater 
and drainage canal) were composed of twice-weekly sampling (100 point 
samples per outing) by a two-person crew from May until August, then 
bi-weekly thereafter. The 0+ fish assemblage observed in this stretch 
of the Great Ouse was not uncommon to the British Isles: roach, silver 
bream, dace, bleak, chub, gudgeon, pike, perch, tench Tinea tinea (L) , 
with the occasional minnow Phoxinus phoxinus (L.) and rudd Scardinius 
erythrophthalmus (L) . While most data from the study remain unpro-
cessed, the early development of tench was of particular interest as its 
development in natural fluvial conditions is scarcely documented. Ripe 
brood stock observed in the 'Mini Marina' backwater in early June 1989 
produced a lone cohort of progeny, whose growth was remarkably more 
variable during larval development than during the juvenile period. 
(Copp & Mann, unpublished). The larval and juvenile tench remained 
in this relatively disused backwater, exploiting the nutritious and protec-
tive advantages of the thick beds of Myriophyllum sp. and Elodea sp., 
covered by dense mats of duckweed (Lemna sp.), which filled the site 
during the entire summer. 
Fish reproductive potential of hydrosystems and catchments 
As a complement to these studies of population dynamics, which for 
practical reasons can be undertaken simultaneously at a few sites only, 
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the potential of a hydrosystem in terms of fish reproduction, nursery 
and juvenile recruitment (i.e. fish reproductive potential) may be estab-
lished by evaluating recruitment success synchronically at numerous 
examples of each biotope type (main channel, side channel, backwater 
annexes, drains). For comparability, synchronic evaluation must take 
place during a period when relative abundances of 0+ fishes have 
stabilised, i.e. over a three-to-four week period in autumn when all 0+ 
fishes have reached the juvenile period of development (Copp & Penaz 
1988), and sampling effort (i.e. number of point samples per unit area) 
taken at each site should be approximately equal. 
Such surveys of fish reproductive potential in European waters (i.e. 
Copp 1989a) assume that larval and 0+ juvenile fishes remain at their 
site of hatching (or a similar downstream site, such as with gudgeon) 
and use it as a nursery, a phenomenon observed elsewhere (Copp & 
Penaz 1988) and in this present study. The validity of this assumption 
can be further strengthened when river discharge rates are minimal and/ 
or uniform over the spring and summer spawning/recruitment period, 
such as in 1989. 
Using this approach, 0+ fish recruitment in the Bedford Ouse hydro-
systems during 1989 was evaluated by a two-person crew sampling at 
forty-four sites (825 point samples in total) between Buckingham and 
Earith (Fig. 1) during the period 1 to 25 August 1989 (Copp 1990c). Fish 
recruitment was characterised by two major trends (Fig. 3): (1) extreme 
downstream sites of the lower Bedford Ouse represented the only 
spawning/nursery sites found for limnophilic fishes, revealing the im-
portance of the Needingworth sites as fisheries for tench, rudd and 
silver bream; and (2) recruitment along the longitudinal course of the 
Bedford Ouse was dominated by the generalists, roach and minnow, 
with roach predominant downstream of Bedford and minnow predomi-
nant upstream. 
Compared with unregulated lowland rivers of similar geomorphologi-
cal origin, such as the River Biebrza in Poland (Witkowski 1984) the 
Great Ouse differs in two aspects. Unregulated lowland rivers of similar 
origin normally possess little if any longitudinal zonation in fish repro-
duction (Swales 1982; Witkowski 1984), such as that classically reported 
for upland streams and rivers (Nowicki 1889; Huet 1949); but they do 
show a marked transversal succession of fish reproduction in the various 
abandoned meanders, oxbows, etc. (Witkowski 1984). By contrast, the 
Bedford Ouse possessed a slight but notable longitudinal segregation 
of fish reproduction (Copp, in press), with rudd, silver bream and 
most tench reproduction apparently restricted to locations well below 
Bedford, and common bream restricted to sites between Huntingdon 
and Great Paxton (river kms 14-30), whereas reproduction of barbel 
Barbus barbus (L) appeared restricted to a few sites upstream of Bedford 
(Figs 1 and 3). In additional contrast, the Bedford Ouse possessed only 
limited transversal zonation (Copp 1990c), with tench, rudd, perch and 
silver bream reproduction restricted mainly to backwaters. The paucity 
of transversal segregation in fish reproduction revealed by Principal 
Components Analysis (Fig. 4) was corroborated by the relatively homo-
geneous image presented via Discriminant Analysis of the twelve en-
vironmental variables, which were measured at each of the point 
Fig. 4. Principal Components Analysis of the Sites-by~Species matrix (44 sitesx17 species) 
in absence/presence reveals a weak longitudinal succession in fish reproductive 
potential along PC 1. A slight transversal segregation is apparent from the ordi-
nation of lotic downstream channels with upstream sites (in bold: 23, 26-29, 34, 
41), and conversely lentic upstream backwaters with downstream sites (in bold: 
10-12, 16). No apparent pattern is perceived along PC 2. Site numbers as in Fig. 1 
(redrawn after Copp, in press). 
Fig. 3. Correspondence Analysis of the Sites-by-Species matrix (44 sitesx17 species) in 
density (0+juveniles per m2) reveals recruitment patterns within Bedford Ouse 
during 1989. To avoid confusion, the analysis for species, which includes the 
vectors, is given below that for sites. Species contributing the most inertia to the 
trace (i.e. highest densities) are indicated in bold text (minnow, roach, silver bream 
and stickleback). Site numbers as in Fig. 1 (redrawn after Copp 1990c). 
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Fig. 5. Discriminant Analysis of the Points-by-Environmental Variables matrix (825x12), 
revealing the reduced spatial heterogeneity of the Bedford Ouse and weak discrimi-
nation of sites by channel width (Axis 1) and to a lesser extent by water current 
and ligneous debris content (Axis 2). Groups A and B consist mostly of upstream 
main channels and lotic downstream side-channels; Group C is comprised mainly 
of midstream side-channels; Groups D and E consist mostly of downstream main 
channels; Group F is comprised of up- and downstream backwaters. Site numbers 
as in Fig. 1 (redrawn after Copp, in press). 
samples (Fig. 5). The various sites of the Bedford Ouse were only weakly 
distinguishable, principally by channel width (Axis 1) and to a lesser 
extent (Axis 2) by current speed and concentrations of ligneous debris/ 
roots (Copp, in press). 
Drift dynamics of larval and juvenile fishes 
Judging from the initial results of current studies (Copp 1990c; 
R. H. K. Mann, pers. comm.), river discharge probably plays a role in 
the recruitment dynamics of the Great Ouse. The loss of fish larvae and 
0+ juveniles as downstream drift is a phenomenon well documented 
elsewhere (see Copp & Cellot 1988 for a brief review), particularly in 
embanked channels (Zambriborshch & Chin 1973) and during spates 
(Williams & Bolster 1989). The Great Ouse possesses all the physical 
characteristics reportedly associated with high rates of fish drift, i.e. a 
paucity of backwater annexes (Fig. 5), a high degree of channelisation 
and embankment (Fig. 5; also Brookes et al. 1983), and susceptibility to 
strong variations in discharge (Whitehead et al. 1979). Nonetheless, 
some individuals remain sceptical that flood and spate events contribute 
to fish recruitment problems in the River Great Ouse. Therefore, a series 
of drift experiments are planned to quantify the extent of larval and 
juvenile fish drift during flood and spate events. Because the Great Ouse 
basin receives a low amount of rainfall, particularly during warmer 
months, water velocity often remains weak or absent except in areas 
where bed gradients remain influential. As a result, the risk of drift to 
fish larvae in summer (e.g. Copp & Cellot 1988) is probably slight or 
negligible, except in extremely wet years. The risk of drift is probably 
greater for 0+ juveniles, particularly during their first winter of life when 
lack of transversal refuge would render them susceptible to the strong 
currents associated with elevated winter discharges in regulated chan-
nels (Zambriborshch & Chin 1973). Because the Great Ouse is highly 
regulated for water retention and resources management, field exper-
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Because few historical data exist (e.g. Marlborough 1970) with which 
to evaluate the effect that regulation has had on the Great Ouse system, 
one must rely on comparisons with unregulated lowland rivers of similar 
geomorphological origin and with published accounts of regulation 
effects in other regions (e.g Swales 1982; Brookes et al. 1983; Linfield 
1985; Persat et al. 1985). However, one apparent effect of river regulation 
is the predominance of roach, a species identified elsewhere in Europe 
as notably tolerant to poor water quality and habitat destruction, with 
the relative abundance of roach increasing with increased environmen-
tal degradation (Oberdorff & Hughes, pers. comm.). Nonetheless, for 
a comprehensive image of fish recruitment in any river system, recruit-
ment studies should be undertaken not only at the river system level 
of perception but within the context of its entire drainage basin (Frissel 
et al. 1986). Thus, the current surveys of fish reproduction and recruit-
ment will expand over the next few years to incorporate the entire Great 
Ouse basin. 
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Sampling, and thus the spatial and temporal comparability of results 
thereof, depends not only on the potential effectiveness of the equip-
ment and the statistical basis of the strategy but also on the uniformity 
of sampling technique (i.e. random selection of sampling points, discre-
tion of approach, speed of anode immersion in water, swiftness and 
efficiency in collecting shocked fishes with dip net). 
The cost efficiency of any experimental design can be best evaluated 
by the expediency and integrity by which the sampling strategy and 
experimental protocol can be undertaken. Owing to the ease of sam-
pling (low requirement of technical assistance) and rapidity of data 
processing (statistical analysis of large data sets) afforded by Point 
Sampling, three of the five research objectives were completed during 
the first year of this three-year fellowship: 
(1) The accuracy of electrofishing by Point Abundance Sampling was 
partially quantified, and found statistically acceptable, in a number 
of small-scale controlled tests. A final, larger-scale controlled test 
is scheduled for autumn 1990. 
(2) A comprehensive set of field data on the dynamics of 0+ fish popu-
lations, including the measurement of microhabitat environmental 
variables, was amassed using Point Abundance Sampling at four sites 
near Needingworth (a total of 2400 sampling points). Although most 
of these data on population dynamics remain to be processed, 
the relatively small sample size (i.e. few fishes per point sample) 
permitted the rapid processing, analysis and interpretation of 
growth, microhabitat, diet and numerical distribution in larval and 
juvenile tench, which will be published forthwith. 
(3) Owing to the cost efficiency of electrofishing by Point Abundance 
Sampling, both 0+ fish recruitment and environmental heterogen-
eity of the Bedford Ouse were surveyed by a two-person team during 
14 working days (825 point samples from 44 different sites, Fig. 1). 
Because the 0+ juvenile fishes could be identified and counted in 
the field, the numerical fish data and the environmental data from 
this survey were processed on a day-by-day basis (i.e. compiled 
on Macintosh computer), thus permitting statistical analysis (using 
programmes by Thioulouse 1989) and interpretation of the results 
on the day after sampling, with the subsequent submission for 
publication soon thereafter (Copp 1990c; Copp, in press). 
In conclusion, one of the most important aspects of experimental 
design in field biology is the selection of a sampling strategy suitable 
both statistically and practically to the problem in question. The present 
investigation serves to demonstrate that the objectives of both short-
and long-term research programmes in fluvial ichythyology, both ap-
plied (e.g. fisheries management) or fundamental, can be successfully 
Perspectives 
Because the principles of Point Abundance Sampling are based on 
fundamental statistical theory (Gerard & Berthet 1971; Esteve 1978; 
Chessel 1978), its efficiency has previously been considered superfluous 
(Persat & Copp, 1989), particularly because application of this sampling 
strategy was originally intended to estimate relative differences and 
changes in abundance, i.e. estimates based on spatially and temporally 
independent point samples (taken in a systematic, repeatable manner) 
and not "absolute" values. To ensure the spatial or "between-biotope" 
comparability of samples, particularly when all point samples of a given 
biotope are combined to obtain a "relative" density (number of fishes 
per m2), sampling effort in all biotopes should be equal, i.e. the number 
of points per unit area should be uniform between sites. In temporal 
terms, this comparability can be ensured by maintaining a uniform 
sampling effort during each successive visit to a given site (e.g. Copp 
1990c). 
Despite a rigorously systematic application of electrofishing by Point 
Abundance Sampling (i.e. uniform sampling technique, equal sampling 
effort per site), some sampling biases are difficult to avoid. As with most 
methods of electrofishing, the effectiveness of electrofishing by Point 
Sampling is generally limited to the upper 1m layer of the water column. 
Although the larvae and juveniles of most European cyprinids tend to 
exploit this layer of the water column (Carrel 1986), benthic and pelagic 
species that frequent deeper waters may be under-represented (e.g. 
ruffe, Gymnocephalus cernua (L.)). Secondly, although the anode's area 
of attraction is for analytical purposes assumed to be equal at each 
sampling point, the area sampled may vary at depths less than 0.5m, 
particularly over an uneven river bed (Cuinat 1967). In shallow waters 
(<0.5m), the depth of the water column sampled will be reduced, 
whereas the surface area of the attraction zone will be increased (Cuinat 
1967). Of equal importance, fish become more wary as they increase in 
size, particularly those >10cm length. Investigators can greatly influence 
the composition of a potential sample if fishes perceive and react to 
their presence (Bain & Finn, in press). Also, the flight behaviour of fishes 
is expected to alter at shallower depths, as the area available to them 
for escape will be decreased (see Halsband 1967). Thus, capture ef-
ficiency may increase with decreasing depth (under <0.5m), whereas 
the efficiency may decrease in depths greater than 0.5m, depending 
upon the orientation of the fish with respect to the anode (Regis et al. 
1981). The ultimate efficiency of the electrofishing by Point Abundance 
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iments should be centred around (before, during and after) flood and 
spate events rather than scheduled on a routine basis. 
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attained at reduced cost (time, effort) by incorporating a flexible, statist-
ically-based sampling approach, such as electrofishing by Point Abun-
dance Sampling, into the experimental design. 
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